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On the Formation of Skarn Bwl^ at .Hainmara 
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25. Abdei Kader and M M. El Aref 
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THIS work constitutes an investigatory study of skarn rocks 
from Hammam area, and is a part of the larger project of 
examining the contact of basaltic rocks upon the enclosing 
sediments in the West Central Sinai. This research com- 
prises the mineralogical and textural study of samples 
from the Tertiary basalt-dolerite sill and the surrounding 
Cretaceous limestones; in order to determine the effect of 
the basaltic intrusion upon the country rock. 

The nature and distribution of opaques within the in- 
trusion and the metamorphosed rocks are studied using 
the reflecting microscope while rock analysis of samples 
from different parts of the sill and their calculated nor- 
mative composition allowed the determination of the trend 
of differentiation of the basaltic rocks. 

The skarn rocks are developed in layers of different 
mineralogical associations at the upper and lower contacts 
between the volcanics and the enclosing calcareous sedi- 
ments. They have been classified into exoskarn and endo- 
1 skarn according to their field position relative to the con- 
tact of the sill with the -enclosing sediments.: Exoskarns 
occur as banded rocks disposed along the upper and lower 
contacts and indicated as upper and lower exoskarns res- 
pectively. The most important skarn minerals identified are 
wollastonite, diospide, garnet, hedenbergite, vesuvianite, 
opaques, sphene and e&lcite. Endoskarns occur either as 
megascopic nodules distributed within the lower part of the 
sill or as microscopic xenoliths of amygdaloidal appearance 
confined to the upper zeolite-bearing zone. 

The exoskarns were developed by contact metamorphism 
and metasomatism of Cretaceous limestone enclosing the 
dolerite sill. The endoskarns are probably produced by 
metasomatic infiltration through digested carbonate nodules. 

This work constitutes an investigatory study of skarn rocks 
from Hammam Faraun area, and is a part of the larger project of 
examining the contact of basaltic rocks upon the enclosing sedi- 
ments in the West Central Sinai. Gebel Hammam Faraun belongs 
to a highly faulted block which runs along the eastern shore of 
the Gulf of Suez (Fig. 1). The mountain cliffs rise over 500 m 
above the sea. The exposed rocks are mainly Cretaceous lime- 
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stones intruded by dolerite - basaltic sills and dykes of late Ter- 
tiary age. 




Fig. I. Location map of Gebel Hamman Faraun, Sinai. 

The samples used in this study were collected from the main 
sill south of the hot brines of Gebel Hammam Faraun as indicated 
on the stratigraphic sketch diagram (Fig. 2 and Fig. 3). This 
work comprises the mineralogical and textural study of samples 
from the sill and the surrounding country rocks. The nature and 
distribution of opaques within the intrusion and the metamorphos- 
ed rocks are studied using the reflecting microscope. Microprobe 
analysis of clinopyroxenes and wollastonite from the upper endo- 
skarn have been carried out to determine the chemical characters 
of these minerals. Whole rock analysis of samples from different 
parts of the sill and their calculated normative composition 
allowed the determination of the trend of differentiation of these 
basaltic rocks. The mechanism of formation of the skarn rocks 
has been discussed. 
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The olivine-dolerite is mainly of a non-porphyritie coarse- 
grained type with ophytic and intersertal textures (Fig. 4) in its 
central part, which grades upwards and downwards into chilled por- 
phyritic basaltic rocks. The normative composition of the central 
doleritic mass (Table 1) is : 25% olivine; 15% nepheline; 20% 
diopside; 37% plagioclase ' (An 60 ) and 3.65% ilmenite. Under 
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Fig. 3. Field photograph showing Fig. 4. Olivine surrounded by 
the dolerite sill and the plagioclase forming inter- 

lower exoskarn zone. sertal texture. Large plate 

of unvit.et in the left part of 
-grained 

dolerite. X-Nicols. 

olivine is usually altered to serpentine, chloro- 
5, celadonite and minor talc. In this level of 
the sill, ilmenite with subordinate titanomagnetite, forms discrete 
idiomorphic crystals occupying interstitial spaces between the sili- 
cates or enclosed within olivine and pyroxene crystals. They form 
also myrmekitie texture with the silicates. The occurrence of 
titanomagnetite crystals distinctly increases towards the lower 
part of the sill. It forms together with homogeneous ilmenite and 

Ilmenite intergrowth in titanomagnetite forms mainly trellis types 
and Lindsley, 1964). Composite and sandwich inter- 
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t 

Fig. 5. Porphyritic basalt. Pheno- Fig. 6. Skeletal crystals of opaques 
crysts of plagioclase and in chilled basalts. Polished 

augite in a finegroundmass. section. 
X-Nicols. 
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Fig. 7. Schematic representation showing the main external fabrics of ilme- 
nite (black) and magnetite (white) in the porphyritic basalts (group 
I) and their internal geometric intergrowth patterns (groups II, III 
and IV). 

Group I : Small rod-like ilmenite crystals with or without magnetite 
arranged either parallel to the plagioclase twin lamellae (1 a) ; in- 
terruptedly distributed around the plagioclase crystals (1 b) or in- 
cluded in or coating the pyroxenes (1 c). Type 2 = isolated grains 
or idiomorphic crystals consisting of ilmenite and magnetite or homo- 
geneous ilmenite. Type 3 = discrete ilmenite crystals with or with- 
out magnetite. Type 4 = shredded or skeletal growth crystals of 
ilmenite with or without magnetite arranged in parallel to subparallel 
pattern (4 a), rectilinear pattern (4 b) or triangular pattern (4 c) 
which may follow pyroxene boundaries. Type 5 - branched or dendri- 
tic titanomagnetite crystal growth which are evenly or haphazardly 
initiated at terminations and along primary, secondary or tertiary 
cross arms. Type 6 = titanomagnetite of cruciform morphologic pat- 
tern. Type 7 = skeletal titanomagnetite crystals of multiple cross- 
arm ivpe. Types 5, 6 and 7 are the main common types of group 
I. 

Group II : displays grains of trellis intersprowths of ilmenite in tita- 
nomamgnetiie. Ilmenite lamellae occur as spindle shape (type 8) ; para- 
llel thin lamellae (type 9) ; partially thick exsolved lamellae (type 10) 
and network (widraanstatten) texture (type 11) or represent super 
trellis pattern infilled by several generations of finer ilmenite lamellae 
(type 12). 

Group III : displays sandwich (type 13) and banded lamellar (type 
14) intergrowths of ilmenite and titanomagnetite. 

Group IV : includes grains of composite (granular) intergrowth types. 
Type 15 - composite pattern of ilmenite and magnetite in juxtaposi- 
tion and showing rectilinear, polygonal or curved contacts (types 15 a, 
b and c respectively). Type 16 = mottled intergrowth patterns. Type 
17 - granular intergrowth of internal (17 a) or external (17 b) pat- 
terns. Type 18 - atoll structure of ilmenite in magnetite (type 18 a) 
or concentric ilmenite crystals surrounding magnetite (type 18 b). 
Type 19 = concentric or multiple shell intergrowth of ilmenite and 
magnetite. 
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growths are less abundant. The trellis intergrowths are consider- 
ed to be an earlier oxidation product of original magnetite - ulvo- 
spinel solid solution (Basta, 1959; Vincent, 1960); Budington and 
Lindsley, 1964 and Haggerty, 1967a), whereas the sandwich and 
composite intergrowth are products of either oxidation or primary 
crystallization from the melt (Haggerty, 1976a). Both the titano- 
magnetite and ihnenite grains are commonly oxidized producing 
pseudomorphic oxidation associations. The oxidation processes are 
displayed by the formation of exsolved minute spinel rods in tita- 
nomagnetite and ferrirutile into ilmenite (metailmenite) and the 
development of mottling appearance of ilmenite. A progressive 
decomposition stage leads to the formation of rutile-titanohematite- 
ferriilmenite assemblage with or without relics of ilmenite. 

The chilled margins consist of porphyritic basalts, plagiophy- 
ric with subordinate amount of clinopyroxenes and olivine. The 
groundmass varies from coarse-grained to glassy (Fig. 5). The 
normative composition of these rocks consists of plagioclase 
amounting from 42 to 56% (An 40 -An 60 ) ; clinopyroxene from 10 to 
17%; olivine to 11% : ilmenite 4.6 to 5% and magnetite 4 to 7%. 
Normative hematite is recorded in the upper chilled margin only 
(Table 1). In these rocks, ilmenite and titanomagnetite are pro- 
minently developed in skeletal crystals (Fig. 6) most probably re- 
lated to the rapid rate of cooling and the onset of co-crystalliza- 
tion of silicates (Haggerty, 1976b). The main external morphologic 
patterns and the internal intergrowth types of the ilmenite and 
titanomagnetite are illustrated and described in Pig. 7. The sand- 
wich and composite intergrowth patterns are more abundant than 
the trellis type. Oxidation products are rarely observed. The 
sandwich and composite intergrowths in these rocks seem to be 
developed during primary crystallization rather than oxidation of 
a primary ulvospinel-magnetite solid solutions (Buddington and 
Lindsley, 1964) or subsolidus diffusions (Vincent et at, 1954 and 
Wright, 1964). This conclusion is based on the following observa- 
tional evidences : a) the existence of the three textural types ; 
b) the extension of ilmenite arms from the sandwich and compo- 
site types into the groundmass; c) the absence of spinel product 
and the rare evidence of oxidation of the three types; d) the sharp 
termination of ilmenite at the sandwich and composite titanomag- 
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tween the opaques and the surrounding silicates. 

In the upper chilled zone, about 4 m below the upper contact, 
a band of highly amygdaloidal porphyritic basalt shows strong 
titanium enrichment. These rocks are pyroxene-phyric ; plagio- 
ciase in much subordinate and highly altered. The large amyg- 
dules are filled with fibrous zeolite, calcite, analcite and tile-struc- 
ture cristobalite (Fig. 8). The Ti-enrichment is displayed by the 
formation of large phenocrysts of sphene (Fig. 9) and the colour 
and chemical zoning of purplish titaniferous augite. These rocks 
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are also characterized by the occurrence of xenoliths of calc-sili- 
cate mineral assemblages surrounding brown zoned clinopyroxenes, 
The microprobe analysis of these pyroxenes (Table 2) plot in the 
augite-salite fields on the ternary diagram of Poldervaart and 
Hess (1951). The calculated FeO/MgO ratio of the liquid using 
the partition coefficient value of 0.24 for clinopyroxene-liquid 
{Church and Riccio, 1977) ranges from 2.87 to 5.78 {Table 2) sug- 
gesting that this liquid is quite fractionated. Consequently, these 
amygdaloidal rocks probably represent an advanced stage of crys- 
tal fractionation of the primary magma composing the bulk of 
the dolerite sill with FeO/MgO ratio ranging from 0.84 to 1.89. 

The opaque minerals in these rocks are represented mainly by 
ilmenite and titaniferous magnetite. The opaques form discrete 
elongated crystals and commonly exhibit myrmekitic and concentric 
coating intergrowth types with the pyroxenes. Blebs of ilmenite 
are usually distributed within the plagxoclase twin lamellae. These 
geometric intergrowth relationships emphasize the primary co- 
crystallization of ilmenite and titaniferous magnetite with the 
silicates. 

Skarn rooks 

Skarn rocks have been classified into exoskarn and endoskarn 
according to their field position relative to the contact of the sill 
with the enclosing sediments. Exoskarns occur as banded rocks 
of different mineralogical composition, disposed along the upper 
and lower contacts, while the endoskarn represents mineral assemb- 
lages enclosed within the volcanics and forming nodular bodies. 
Exoskarns 

These rocks were developed by contact metamorphism and 
metasomatism of cretaceous limestone enclosing the doleritic sill. 
They are characterized by light colouration. The most important 
skam minerals identified are wollastonite, diopside, garnet, heden- 
bergite, vesuvianite; opaques and sphene are less frequent. These 
skarn associations have been classified according to their field 
occurrence into upper and lower exoskarns. 

The upper exoskarns are represented mainly by a thin crusti- 
fied skarn zone followed upwards by a ealcite-garnet skarn layer. 
The crustified skarn type is composed of successive alternating 
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microscopic crusts of different minerals associations (Pig. 10) in- 
cluding : wollastonite-diopside ; wollastonite-vesuvianite; garnet- 
wollastonite-sphene with minor hedenbergitic pyroxene and opaques. 
The mineral association of each crust shows distinct isomorphic 
termination; zonation and increase in the grain size towards the 
next successive crust. 

Woilastonite occurs as large unzoned idioblasts set in a fine 
mosaic texture. The electron microprobe analysis of these large 
crystals (Table 3) shows that their FeO content falls within the 
range of iron woilastonite (Deer et at, 1978). It occurs also as 
fibrous and wavy aggregates interstitial to garnet crystals. The 
fine woilastonite crystals may be poikilitically enclosed in diopside. 

Diopside pale brown, zoned, extinction angle 38°C, forms 
granoblastic mosaic with the twinned woilastonite (Fig. 11). 

Vesuvianite forms small rounded brown grains unzoned and 
characterized by anomalous blue interference colours. It is some- 
times enclosed within the woilastonite prophyroblasts. 

Garnet occurs as brown anhedral crystals slightly anisotropic 
disseminated with isotropic cublets. It forms also earthy bands 
enclosing degraded brown sphene crystals (Fig. 12). 

Hedenbergitic pyroxene forms small plates, pale green with 
prismatic cleavage and low birefringence, interstitial between woi- 
lastonite, vesuvianite and garnet. 

Opaques are represented mainly by sulphides and magnetite. 
The sulphides consist of minute aggregates of pyrite, pyrrhotite, 
chalcopyrite and sphalerite. These aggregates are usually scat- 
tered along the convex surfaces of the skarn crusts. Pyrrhotite is 
commonly altered to marcasite. Magnetite is essentially distribut- 
ed with wollastonite-diopside bands mantling the silicates. 

Calcite-garnet skarn (or marble) layer is composed mainly of 
blocky calcite and grossularite (Fig. 13) and grades upwards into 
tsnmetamorphosed limestone (Fig. 13). 

Lower eseoskams 

The first layer underlying the sill consists of a partially con- 
solidated and bedded green rock, composed of hedenbergitic pyro- 
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xene, garnet and minor interstitial calcite. Hedenbergitic pyrox- 
ene; containing up to 5% FeO, forms long prismatic fractured 
green crystals in radiating aggregates with 42% extinction angle 
(Fig. 14). The garnet forms isotropic anhedral yellowish brown 
crystals usually lined by minute crystals of magnetite. The under- 
lying layer is composed essentially of blocky calcite with subor- 
dinate amounts of minute garnet crystals and fan-shaped heden- 
bergite aggregates (Fig. 15). 




Fig. 12. Garnet (grey to dark- Fig. 13. Octahedral cracked gros- 

grey), metamorphic sphene, sularite in blocky calcite. 

(black) and calcite (white). Upper exoskarn. Ordinary 

Ordinary light. light. 




Fig. 14. Prismatic hedenbergite Fig. 15. Minute grossularite ; fib- 
(dark grey) and interstitial rous hedenbergite (dark 

calcite (white). Lower exo- grey) and calcite (white), 

skarn. Ordinary light. Lower exoskarn. Ordinary 

light. 
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Endoskarns 

Endoskarns occur either as megascopic nodules distributed 
within the lower porphyritie basalts or as microscopic xenoliths 
of amygdaloidal appearance confined to the upper zeolite bearing 
titanium rich volcanic rocks. 

Lower endoskarns 

The skarn nodules are of spherical and ellipsoidal shapes, up 
to 20 cm in diameter. They are always of white to light-grey 
colour and usually surrounded by fractured aureoles (Fig. 16). 
Microscopically these nodules consist of wollastonite, titaniferous 
vesuvianite, hedenbergitic pyroxene and garnet. Wollastonite oc- 
curs in two main morphological generations including fine granular 
aggregates and prismatic idioblasts. Vesuvianite forms large 
plates exhibiting strong pleochrism from yellow to purplish brown 
and anamolous blue interference colours. These large plates en- 
close poikilitically fine aggregates of wollastonite. Anhedral crys- 
tals of hedenbergitic pyroxene are usually associated with the pris- 
matic wollastonite (Fig. 17). Garnet occurs as subhedral brown 
crystals disseminated with iron oxide inclusions. It forms also 
idiomorphic octahedral cracked crystals showing yellow core and 
colourless outer zones. Fine-grained granoblastic and poikiloblas- 
tic are the main textures characterizing these skarn nodules. 

Upper endoskam 

The upper endoskarn, formed within the zeolite-bearing titan- 
ium rich zone, represents tiny xenoliths of limestone digested by 
the rising lava. It consists of coarse aggregates of wollastonite 
surrounded by dark brown, zoned idiomorphic pyroxenes. These 
pyroxenes are of titaniferous augite-salite composition ranging from 
Ca 3C Mg 37 Fe a7 to Ca« Mg 39 Fe i4 . Euhedral crystals of magnetite 
are intimately associated with wollastonite (Fig. 19). 

Discussion and Conclusi on 

To explain the metasomatic production of skarn rocks, numer- 
ous investigators (Bowen, 1940; Khorzinsky, 1948; Burnham, 1959; 
Kennedy, 1959; El Sharwaki, 1964; Reverdatto, 1970 and Winkler, 
1979) assume that the elements diffuse in opposite directions from 
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Fig. 18. Magnetite (black) zones Fig. 19. Upper endoskarn. Magne- 
diopside (grey) and coarse tite (black) surrounded by 

wollastonite (white). Diop- wollastonite (white) and 



side enclosed in wollasto- idioblasts of metamorphic 

nite. Ordinary light. pyroxenes. Ordinary light. 



the intrusive body towards the enclosing carbonates and vice versa, 
from the areas of high concentration to zones of low concentration. 
Exchange reactions between the different compounds along the dif- 
fusion front would produce the lime-silicate minerals of the skarns. 

fu- 



sion front at different rates producing the zonal arrangement of 
the skarn mineral assemblages. 

At Hammam Faraun, the upper and lower exoskams differ 
markedly in composition. It may be noticed that wollastonite, diop- 
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side and vesuvianite which are the essential components of the up- 
per exoskarns, are completely absent from the lower exoskarns. 
The latters are composed mainly of hedenbergitic pyroxene and 
garnet with calcite. This variation in composition is due to the 
following factors : 

1. The difference in composition of the overlying and under- 
lying sediments. 

2. The differing rate of diffusion of the various elements. 

3. The variation in concentration of voiatiies in the upper and 
lower parts of the sill. 

The formation of bedenbergite-grossularite in the lower exo- 
skarn indicates that the underlying sediments are probably fer- 
rodolomites with argillaceous intercalations since : 

Ca (Fe s Mg) (C0 3 ) 2 + 2 SiG 2 >Ca {Fe, Mg) Si 2 O c + 2 C0 2 

ferrodolomite hedenbergite 

The formation of hedenbergitic pyroxene suggests the presence 
of a reducing medium allowing high concentration of ferrous iron 
along the exogenous boundary. The absence of wollastonite from 
the lower exoskarns can be explained by the fact that the PC0 2 
was locally increased preventing the development of this mineral 
(Kennedy, 1958), since : 

CaC0 8 + Si0 2 — > Ca SiO* + C0 2 

The increase of the PCO s was further confirmed by the pre- 
sence of oxidation products of the opaque minerals in the lower 
part of the sill. In fact, the development of these oxidation pro- 
ducts in this interior level of the sill can be related to migrating 
isotherms as function of the cooling rate (Wright, 1961; Watkins 
and Haggerty, 1967 and Sato, 1972). These products may indicate 
the difference in the oxygen fugacities (F0 2 ) which were suffi- 
cient to introduce the first oxidation «exsolution» lamellae of ilme- 
nite in titanomagnetite or later, pseudomorphic oxidation and de- 
monstrate the tendency of volatile accumulation, dissociation of 
H 2 and loss of hydrogen during prolonged cooling (Haggerty, 1971 
and 1976) . This loss of hydrogen at the lower part of the sill may 
justify the presence of the reducing medium at the lower exoskarn. 
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At the upper contact the pressure of the overlying rocks is 
much reduced allowing: free circulation of C0 2 derived by decate- 
nation of the enclosing sediments and formation of wollastonite. 
The concentration of magnetite and minute sulphide crystals in 
the crustif ied exoskarn is consistent with the fact that the relative 
mobility of certain elements, including iron, changes with falling 
temperature (Zharikov, 1968). At low temperature, the mobility 
of iron is much reduced leading to the accumulation of magnetite. 
At a lower temperature stage, mobile sulphur and copper may re- 
act with iron becoming completely inert, producing the sulphide 
minerals. The absence of hedenbergitic pyroxene and the forma- 
tion of diopside in the upper exoskaras is probably due to the fact 
that the overlying sediments are dolomitic limestones rather than 
ferrodolomite. 

Endoskarns are probably produced by metasomatic infiltration 
through digested carbonate nodules (Kennedy, 1959). The most 
important elements migrating from the lava towards the nodules 
being silica and titanium. 

The metastomatic effect Of Egyptian Teritiary basalts upon 
enclosing sediments has been previously studied in Gebel Abu Trei- 
fiya by El Sharkawi and Abu Khadra, (1968). Wollastonite and 
diopside were the main calc-silicate minerals recorded. 

It may be concluded that the mineralogical and textural re- 
lations in the skarn rocks from Gebel Hammam Faraun are con- 
sistent with their derivation by metasomatic infiltration processes. 
The results of this study are encouraging for further investigation 
for possible occurrence, distribution and economic importance of 
skarn deposits in Western Sinai. 
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